Introduction
============

Cholera continues to be a global public health threat, with 150 000 cases per year reported from sub-Saharan Africa.[@R1] While universal access to safe water and sanitation is the ultimate solution, the development of such infrastructure and associated behaviour change may take years at the current pace.[@R2] Relieving the burden of cholera today requires both short-term and long-term approaches.

Oral cholera vaccine, which protects for at least three years,[@R3] can play an important role in short-term risk reduction, complementing long-term water and sanitation interventions. More than 20 000 000 doses of the vaccine have been used across the world, primarily during emergencies.[@R4] In the light of increased global availability of the vaccine, in 2015 the global cholera vaccine stockpile[@R4]^,^[@R5] was extended for use in areas experiencing recurrent cholera outbreaks. Emergency vaccination campaigns, including campaigns in Malawi,[@R6]^,^[@R7] have largely been conducted with the support of nongovernmental organizations (NGOs), with little integration into local health systems. Vaccine use in areas with recurrent cholera transmission provides an opportunity for comprehensive cholera prevention integrated with government health and infrastructure programmes.

The Malawi national cholera prevention and control plan, developed in 2016--2017, took a comprehensive approach that includes enhanced leadership, disease surveillance, laboratory support, clinical care, cholera vaccination, provision of safe water and sanitation, and social and behavioural changes. To ensure the best use of the vaccine, which is typically delivered to the whole population (≥  1 years old) in mass campaigns,[@R4] the plan called for the elaboration and implementation of a national cholera vaccine deployment plan in areas with regular cholera transmission. Here we describe the process of synthesizing historical data and local knowledge across sectors to plan this first multi-year non-emergency use of the stockpile.

Local setting
=============

We collated data on cases of cholera in Malawi from 2001--2016, aggregated across different spatial and temporal scales. Based on annual district-level data, over this period 41 316 suspected cholera cases were reported in Malawi (population 12 978 432 in the 2008 census; [Fig. 1](#F1){ref-type="fig"}), with 23 out of 28 districts ever reporting cases ([Fig. 2](#F2){ref-type="fig"}). Cases were reported almost every year. Seven districts were responsible for 33 276 (80.5%) of the 41 316 cumulative cases reported, with six districts reporting cholera cases for more than half of the years ([Table 1](#T1){ref-type="table"}). These district-level analyses, which give equal importance to cases reported in 2001 and 2016, obscured important heterogeneities and trends in incidence.
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![Annual number of suspected cholera cases by district of Malawi, 2001--2016](BLT.17.207175-F2){#F2}

###### Overview of the national cholera vaccine planning process and progress in Malawi

  District     District-level data review (2001--2016)   Subdistrict-level analyses (2010--2016)   Decisions   Implementation and surveillance                                                   
  ------------ ----------------------------------------- ----------------------------------------- ----------- --------------------------------- --- --- --- --- --- ------- --------- --------- -----
  Balaka       Y                                         Y                                         Y           Y                                 N   N   N   N   N   N       0         0         0
  Blantyre     Y                                         Y                                         Y           Y                                 N   N   Y   Y   Y   **Y**   364 816   0         1
  Chikwawa     Y                                         Y                                         Y           Y                                 Y   Y   Y   Y   Y   **Y**   412 138   486 510   1
  Chiradzulu   Y                                         N                                         N           N                                 N   N   N   N   N   N       0         0         0
  Chitipa      N                                         N                                         N           N                                 N   N   N   N   N   N       0         0         0
  Dedza        Y                                         N                                         N           N                                 N   N   N   N   N   N       0         0         31
  Dowa         N                                         N                                         N           N                                 N   N   N   Y   N   **Y**   57 000    89 500    5
  Karonga      Y                                         N                                         N           Y                                 N   N   Y   Y   Y   **Y**   174 648   216 000   347
  Kasungu      Y                                         Y                                         N           Y                                 N   N   N   N   Y   N       0         0         1
  Likoma       N                                         N                                         N           N                                 N   N   N   Y   N   N       0         0         13
  Lilongwe     Y                                         Y                                         Y           Y                                 N   N   N   Y   Y   **Y**   228 000   0         348
  Machinga     Y                                         Y                                         Y           Y                                 N   Y   Y   Y   N   **Y**   340 000   0         0
  Mangochi     Y                                         N                                         N           Y                                 N   N   N   Y   N   **Y**   176 232   0         0
  Mchinji      Y                                         N                                         N           N                                 N   N   N   N   N   N       0         0         0
  Mulanje      Y                                         N                                         N           N                                 Y   N   N   N   N   N       0         0         4
  Mwanza       Y                                         N                                         N           Y                                 N   N   N   N   N   N       0         0         0
  Mzimba       Y                                         N                                         N           N                                 N   N   Y   N   N   N       0         0         0
  Neno         Y                                         N                                         N           N                                 N   N   N   N   N   N       0         0         0
  Nkhata Bay   Y                                         N                                         N           Y                                 Y   N   Y   Y   N   **Y**   236 618   0         20
  Nkhotakota   Y                                         N                                         N           Y                                 N   N   N   N   N   N       0         0         0
  Nsanje       Y                                         Y                                         N           Y                                 Y   Y   Y   Y   Y   **Y**   340 000   40 000    6
  Ntcheu       N                                         N                                         N           N                                 N   N   N   N   N   N       0         0         0
  Ntchisi      N                                         N                                         N           N                                 N   N   N   N   N   N       0         0         0
  Phalombe     Y                                         N                                         N           N                                 N   N   Y   Y   N   **Y**   351 102   0         0
  Rumphi       Y                                         N                                         N           N                                 N   N   Y   Y   N   N       0         0         13
  Salima       Y                                         N                                         N           Y                                 N   N   Y   Y   Y   **Y**   216 618   217 064   99
  Thyolo       Y                                         N                                         Y           N                                 Y   N   Y   N   N   N       0         0         0
  Zomba        Y                                         N                                         N           Y                                 Y   Y   Y   Y   N   **Y**   334 578   0         0

Y: yes; N: no.

^a^ Districts that contributed to the first 80% of total cases from 2001--2016 when ordered from highest to lowest number of total cases.

^b^ Moderate-to-high mean annual incidence was defined as \> 1 cholera case per 10 000 population.

^c^ Lowest 25th percentile

^d^ High-incidence subdistricts were defined as those with ≥ 10% of the population or ≥ 100 000 people living in an area with an annual cholera incidence \> 1 per 1000 population; moderate incidence subdistricts were those with mean annual incidence \> 1 per 10 000 population.

^e^ Key populations at-risk of cholera were defined as fisherman, refugees and internally displaced persons.

^f^ Districts designated as priority districts in the oral cholera vaccine plan are shown in bold type.

^g^ Data are for the period 1 October 2017 to 8 April 2018.

Notes: The number of doses delivered was sometimes above what was planned because there were changes in the population at-risk particularly due to outbreaks. Karonga and Salima campaigns were accelerated due to outbreaks that started before vaccination. Due to the geographically widespread outbreak in Lilongwe, the target population was expanded for a planned campaign in April to May 2018.

Approach
========

The process started in early 2016 with a desk review and analysis of previous surveillance and risk factor data. To prioritize districts for vaccination we focused on three measures of burden for each district: (i) mean annual incidence of cholera (cholera in this paper refers to suspected cholera as cases were not systematically confirmed); (ii) its coefficient of variation (capturing the year-to-year variability in incidence); and (iii) the number of years of reporting cholera. Using Bayesian mapping techniques we combined cholera case reports from 2010--2016 and data on population density[@R8] and on access to water and sanitation[@R9] to map the average annual cholera incidence in areas of 20 km × 20 km and to classify subdistricts according to different incidence thresholds.[@R1] Based on the mapping analyses, we found that 437 023 people (95% credible interval, CrI: 96 154‒1 604 563) from four districts lived in high-incidence subdistricts (≥ 10% of the population or ≥ 100 000 people living in an area with annual cholera incidence \> 1 per 1000 population). A total of 2 429 009 people (95% CrI: 648 642‒4 872 006) from 12 districts lived in moderate-to-high incidence subdistricts where the mean annual incidence exceeded 1 per 10 000 population. The majority of subdistricts with high or moderate-to-high incidence were located in three main areas: lower Shire River basin, Lake Chilwa area and northern Lake Malawi area ([Fig. 3](#F3){ref-type="fig"}). Data from these areas were similar to but not in complete agreement with the results of the annual district-level analyses ([Table 1](#T1){ref-type="table"}).
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From 28 February 2017 to 2 March 2017, stakeholders met to validate the Malawi national cholera prevention and control plan and to propose an integrated national oral cholera vaccine plan, to submit a request to the global stockpile. National and district-level health ministry officials joined experts from NGOs, international organizations and academia, to review the epidemiological data. This process was supplemented with contextual data (such as access to water, sanitation and hygiene) and with qualitative information presented by district health leaders representing each of Malawi's three regions. These presentations highlighted specific populations (such as fishermen) that were disproportionally affected by cholera and which routine surveillance data did not capture. Stakeholders worked in groups to prioritize districts based on the raw and summary data. Each group presented the rationale for their prioritization and were offered an opportunity to adjust these according to comments from the whole group. The key reasons for selecting high-priority districts were similar across groups and included: historic cholera incidence (focused on 2011--2016); frequency of cholera reports; local water and sanitation conditions; presence of difficult environmental or social conditions for improving water and sanitation infrastructure; a shared border with Mozambique; and the presence of key populations such as fishermen and refugees.

After the two-day deliberation, we compiled the district rankings from each stakeholder group, with a clear consensus on five high-priority districts (Chikwawa, Machinga, Nsanje, Phalombe and Zomba). Another four districts (Blantyre, Karonga, Lilongwe and Salima) were high-priority for half or more of the groups. Three additional districts (Dowa, Mangochi and Nkhatabay) were high-priority for at least one group and medium priority for the rest ([Table 1](#T1){ref-type="table"}). The stakeholders agreed that these 12 districts would move to the final planning stage, where priority subpopulations would be identified. All priority districts except Dowa, home to a large refugee camp, frequently report cases (that is, low coefficient of variation in [Fig. 4](#F4){ref-type="fig"}) with relatively high mean annual incidence and were identified as moderate-to-high incidence districts in the data review exercises conducted before the meeting ([Table 1](#T1){ref-type="table"}).
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Next, a health ministry-led team took the recommendations from the stakeholder meeting and began drafting a national oral cholera vaccine plan. Within each priority district, district health officials were asked to select priority areas for vaccination, considering three components: (i) history of confirmed cholera; (ii) water and sanitation indicators; and (iii) presence of high-risk populations such as fishermen and displaced people. No limit was placed on the number of potential high-priority people proposed for each district, but the combined population of more than 9 million from all 12 districts would likely be too large as a national allocation from current global vaccine supplies.

In the final stage, in consultation with United Nations Children's Fund, the Ministry of Agriculture, Irrigation and Water Development and others, the health ministry drafted an application for 3.2 million doses of vaccine to be provided in six phases over 20 months in 12 districts. The vaccine would be targeted on all people aged 1 year and older, including pregnant women, and delivered through mass campaigns centred on health ministry facilities. Vaccines would be administered by the community health workers who were typically involved in routine immunization activities. Along with each campaign, several partners, including NGOs and national and international academic institutions, agreed to assist with monitoring and evaluation. These activities included coverage surveys, longer-term impact assessments and enhanced surveillance, all designed to help improve future oral cholera vaccine programmes and to better understand how oral cholera vaccine may affect the burden of disease in the medium to long term. The application was reviewed by the Global Taskforce for Cholera Control and accepted in April 2017.

Relevant changes
================

Limited global supplies of oral cholera vaccine and competing emergency response needs led to a slow initial start to implementation of the plan. Between June 2017 and April 2018, 1 049 074 doses of vaccine were administered via campaigns in five districts (Chikwawa, Dowa, Karonga, Nsanje and Salima; [Table 1](#T1){ref-type="table"}). Another 1 million vaccine doses, were expected to be delivered between April and May 2018 for Lilongwe district. No formal analyses of vaccine coverage were made, but surveys showed that coverage (number of doses delivered divided by number of people targeted) was generally high in the campaigns: \> 70% for two doses. It is too early to assess the impact of cholera vaccine deployments in Malawi. However, a cholera outbreak that affected all regions of Malawi from October 2017 to March 2018 resulted in few or no cases in Nsanje, Chikwawa and the Lake Chilwa area, all which have had almost annual outbreaks with moderate-to-high incidence since 2001, but had been recently vaccinated ([Table 1](#T1){ref-type="table"}).[@R6]^,^[@R7]

Lessons learnt
==============

A review of historical data supplemented by the experience of local public health professionals was an efficient method to identify priority populations and plan for short-term cholera prevention activities, while yielding key data to help benchmark progress in eliminating cholera ([Box 1](#B1){ref-type="boxed-text"}). Years of cholera prevention work lie ahead, but these exercises set a new standard for making data-driven decisions within the country and provide valuable lessons for other countries moving forward with national cholera prevention efforts.

###### Summary of main lessons learnt

-   Collation of historical data on cholera incidence was an opportunity to discuss cholera planning with each of the district governments and provided a common baseline from which to discuss priority areas.

-   Augmenting detailed analyses with local information on key populations affected by cholera helped us refine priority areas and in some cases to extend priority areas beyond those identified as high-risk based solely on recent cholera incidence.

-   Although vaccines are usually deployed through the health sector, involvement of the water, sanitation and hygiene sectors is key to ensuring that short-term gains from cholera vaccine are backed by longer-term progress in reducing cholera transmission.

Oral cholera vaccine can be planned and deployed relatively quickly compared with sustainable water and sanitation interventions. Therefore, if water and sanitation needs are not met during the coming few years, revaccination of part, or all the population, may be required to sustain the anticipated reductions in cholera. To truly minimize cholera risk, along with numerous other health and social benefits, every effort must be made to achieve sustainable water and sanitation for all, even if this takes several vaccination cycles.

Outbreaks of cholera during the roll-out of vaccination are likely in countries like Malawi. While the plan did not explicitly address how the health ministry would adapt to urgent needs in the face of an outbreak, flexibility has been key to using the vaccine reactively and delaying vaccination in other less urgent locations. Future plans should make clear how these competing priorities will be balanced.

Maintaining sensitive and specific surveillance for cholera (including appropriate use of rapid diagnostic tests and regular training of district health officials) in the upcoming years will be key to measuring the impact of the comprehensive cholera control programme and to guide timely and appropriate responses to cholera outbreaks ([Box 1](#B1){ref-type="boxed-text"}).
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